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T HE evolution and ecology of unisexual ver-
tebrates is an emerging area of concern in organismal biology. Reasons for this include: 1) occurrences of complexes containing unisexual and bisexual biotypes in fishes, amphibians and reptiles are more widespread than previously thought (Dawley and Bogart, 1989) ; 2) reproductive modes employed by these forms can be varied and confounding, even within a population (Bogart et al., 1987, 1989 ); 3) unisexuals in a given association seldom form a homogeneous group (Bogart et al., 1987; Bogart, 1989; Lowcock, 1989); 4) interspecific hybrid origin of most unisexual forms appears to confer a high degree of tolerance for aberrant meiotic processes and elevated levels of ploidy (Dawley and Bogart, 1989) ; and 5) an evolutionary role exists for some of these forms which may involve direct speciation, or an effect on incipient speciation in associated bisexuals (Bogart, 1989; Lowcock, 1989).
One of the most interesting and least studied of these features is the lack of homogeneity within the unisexual segment of a population, and the relative proportions of different unisexual forms with respect to each other and their bisexual cohorts. Variability in genome constitution and ploidy among unisexuals has been carried to an extreme in hybrid complexes of the North American salamander genus Ambystoma, in which male and female diploid bisexuals breed in aggregations which can also contain diploid (2n), triploid (3n), tetraploid (4n) and pentaploid (5n) unisexual di-or trihybrids. In genetic and ecological studies of such populations, it is desirable to be able to obtain unambiguous baseline data on ploidy composition and sex-ratio without creating sampling artifact in the population.
Numerous studies have established that unisexuals in Ambystoma typically outnumber bisexuals in these populations, but these were unable to distinguish between ploidy classes in unisexual hybrids (Clanton, 1934; Uzzell, 1964; Wilbur, 1971 ). Genetic studies carried out on randomly collected samples (up to 149 individuals from the same locality; Bogart and Licht, 1986) have demonstrated that variable ploidy and genomic compositions characterize most unisexual populations. At best, however, these studies have been only suggestive of ploidy and sex ratios (Bogart, 1989; Bogart et al., 1985, 1987) . Populations of Ambystoma can be very large, and reliable methods for elucidating ploidy composition in samples of several hundred individuals can be prohibitively time consuming and necessitate sacrificing of the animals. Methods of ploidy evaluation that do not require sacrificing, such as erythrocyte area measurements (Uzzell, 1964; Wilbur, 1971 ; Austin and Bogart, 1982; Bogart et al., 1985) and ectodermal cell or nuclei area measurements (Morris and Brandon, 1984; Licht and Bogart, 1987) can also be slow, labor intensive and lack the precision of other methods at higher levels of ploidy. Additionally, random sampling of breeding populations may yield biased results due to ecological and behavioral partitioning of males, bisexual females and genomically variable polyploid biotypes (Bogart et al., 1987) .
Flow cytometry (FCM), a rapid and highly sensitive method for measuring the nuclear DNA content of cells, has been used in the investigation of a unisexual complex of hybrid fishes. Dawley and Goddard (1988) employed FCM in their analysis of diploid, triploid and diploid-triploid mosaic biotypes of Phoxinus eosneogaeus. The ability to use FCM for non-destructive gathering of ecological data based on ploidy comparisons among large numbers of individuals is of great benefit to the study of bisexual-unisexual associations. The accuracy of this method precludes the necessity of chromosome confirmation of ploidy when samples are run against standards of known ploidy (Tank et al., 1987) . Where hybrids involve two species of differing DNA content, FCM may also indicate genomic composition (Dawley and Goddard, 1988 ) although the higher the ploidy, the less informative this becomes. Unequivocal genotypic classification of polyploids in hybrid complexes remains most reliably accomplished through allozyme electrophoresis. Where hybrids involve species of similar DNA content (such as in Ambystoma), genotypic inferences can be made only with reference to information gleaned from molecular investigations and a priori knowledge of biogeographic distributions of particular bisexual and unisexual biotypes (Lowcock, 1989) . In the present investigation, the template genomic composition of polyploid biotypes associated with populations of the bisexual diploid A. laterale are known from genetic and/or biogeographic data (Lowcock, 1989), and FCM is used solely to compare relative amounts of DNA among individuals.
In this paper, we describe the first application of FCM to large numbers of unisexuals (> 100), and obtain the first comprehensive data on ploidy and sex-ratios in breeding aggregations of the A. laterale-jeffersonianum complex (nomenclature of Lowcock et al. [1987] ). These data contain a number of unique and unexpected results with regard to ploidy levels and ratios within hybrids. Mechanisms are considered to account for each ploidy level. Sex-ratios within syntopic A. laterale failed to conform with theoretical expectations; females outnumbered males, and we discuss possible reasons for this.
For one population, sampled comprehensively over the breeding period, we compared arrival time of individuals of different sex or ploidy, because timing has been reported to vary along these parameters (Uzzell, 1964; Panek, 1978; Weller, 1980) . At this locality, we also tested to see if ploidy composition remained relatively constant among peak immigration events throughout the breeding period; this provided a measure of the validity of ploidyratio data generated by one-time samples from other areas. Local influences of latitude, physiography and climate on timing of breeding were compared among samples and evaluated.
METHODS AND MATERIALS
Sampling.-Adult salamanders were collected by various methods during breeding migrations to five ponds and one series of marshes in central Ontario (Fig. 1) . The most successful and reliable method was a drift-fence/pitfall trap system (Gibbons and Semlitsch, 1982) Lowcock [1989] for measurement parameters), and 1-2 drops of blood extracted from an interphalangeal toe-clip. For each sample, whole blood was mixed in a pyrex depression-plate well, with enough freezing solution (2-3 drops, Dawley and Goddard, 1988) to effect a pink color. This suspension was transferred by 0.1 ml pipettor or hematocrit tube to 1.8 ml screw-top cryotubes and frozen immediately in liquid nitrogen (-196 C). Salamanders were revived by washing in pond water, and recuperated briefly in a pan lined with wet paper towelling prior to transport back to the pond. Handling time was minimized; the average time from capture to release was less than 24 h. To test the influence of processing on breeding behavior, several recently revived salamanders were paired and placed in 5 litre buckets filled with pond water and detritus.
Ploidy analysis.-In order to determine the ratios of: 1) A. laterale: hybrids; 2) male: female A. laterale; 3) males: total females (hybrids + A. laterale) and; 4) 2n:3n:4n hybrids, we initially separated A. laterale from putative hybrids based on visually evaluated morphological criteria, so FCM would also test the reliability of subjective field distinctions. When absolute size could not be used (A. laterale <80.0 mm SVL; Appendix 2, Lowcock, 1986), separation was primarily based on: 1) dorsal and ventral background color (lighter in hybrids; Clanton, 1934); 2) head shape and width at the angle of the jaw (wider in hybrids relative to SVL; Lowcock, 1986); and 3) IND (A. laterale, 2.5-3.9 mm, : = 3.25; syntopic hybrids, 3.3-4.7 mm, R = 4.10; Appendix 2, Lowcock, 1986 In 24 h period prior to evening migration. migrations were not initiated when daytime precipitation was snow; diurnal snow is typically associated with unfavorable temperatures. At HBP, immigration began on the evening of 3 April and continued until the morning of 28 April. Peak immigrations occurred in distinct waves coinciding with optimal conditions of temperature and moisture (4, 7, 13-14, 18, 24 April), and were typically followed by "stragglers" (frequently abundant) that arrived during non-optimal conditions (5-6, 8-9, 15, 21, 25-28 April) (Fig. 2) . On 11-12 April, immigration initiated under apparently non-optimal parameters was correlated with other factors. Immigration was halted by inclement weather on four occasions, and did not resume until weather patterns had meliorated. Both sexes and the locally commonest hybrid ploidy levels were represented during the first wave of immigration at all sites. Thus, first immigrations may be reliable indicators of local primary composition of biotypes. This was true at HBP where ploidy ratios on day 1 were concordant with overall primary composition, but not exact frequencies; there are generally more male A. laterale in early migrations, and proportions of unisexuals can increase through time within waves. Because ploidy ratio within hybrids on day 1 (and wave 1 in general) varied significantly from that of subsequent waves (Table 3) , hybrid ploidy ratios could only be roughly estimated for the latest immigration dates at HBP, in which hybrids were counted but not differentiated with respect to ploidy. Ploidy structure.--A total of 1119 salamanders were collected and examined. Of these, 1025 individuals were screened for ploidy; the remaining 94 were late immigrants at HBP (15-27 April) and could be classified unambiguously only with respect to sex and hybridity. Hybrid ploidy ratios were roughly estimated in HBP samples collected after 14 April (Fig. 2) based on results from the 710 individuals collected prior to this date; we observed that the percentage of tetraploids remained identical through waves 2-3, which accounted for 65% of the population (migrations after 14 April accounted for only 8.6%). These estimates are for comparative purposes only and are not necessarily reliable extrapolations of trajectories in late-immigrant ploidy ratios, which may have increased or decreased.
Results of FCM were unambiguous, demonstrating that all populations contained diploid A. laterale as well as a variable potential mixture of; 1) 2n, 3n, 4n, and 5n female hybrids; and 2) rare male hybrids and/or polyploid A. laterale (Fig. 3) . Successive ploidy levels above 2n showed characteristic increases of DNA corresponding to the addition of a full haploid set of chromosomes: erythrocyte nuclei contained exactly 1.5 x the DNA content of a diploid, 4n nuclei contained 2 x the diploid amount and 5n nuclei 2.5 x (Fig. 4) . The distribution of ploidy classes in our samples are compared in Figure 3 and detailed in Table 4 (AHP, AL, CP, OP, FIP) and Table 5 (HBP). Aneuploidy was not indicated and ploidy mosaics were not encountered. A priori assignment of individuals to either A. laterale or the A. laterale-jeffersonianum hybrid category was compared with FCM results (Table 6) and found to be exceptionally accurate. Unless specifically noted, hybrids were initially assumed to be of 3n or higher ploidy. Based on this, overall prediction accuracy with respect to hybridity was 99.98% (range 99.6-100%). An individual from OP classified a priori as hybrid, but which had a ploidy determination of 2n (therefore "misclassified" under our assumption), was reevaluated on morphological grounds. This animal was clearly a hybrid based on size alone (>85.0 mm SVL). A second individual from OP was originally classified as a diploid hybrid, the sole exception to our ploidy assumption for hybrids, and was confirmed by FCM. Three polyploid females originally classed Triploid vs tetraploidfemales.-Only the first three waves were included in this test because hybrid ploidies were not determined for the final wave. Slight significance was observed (x2, 2 df = 5.684, P = 0.058; G, 2 df = 6.20). This is attributable to the higher proportion of triploids in the first wave (93.3%). Second and third wave polyploids were 86.5% and 86.1% triploid, respectively.
Comparisons among individual days within waves (waves 1-3) indicated some intra-wave heterogeneity of sex and ploidy composition. Percentages of sexes and ploidies, and relevent G-scores are provided in Table 7 .
Ambystoma laterale (diploids) vs polyploid hybrids. -Although significant variation in the ratios of diploids to polyploid hybrids was observed among waves, within waves the ratios did not not vary significantly. (Lowcock, 1989) . This is exemplified in our study by the two most northern samples (AL, AHP), which are close to these limits, and show a significantly higher proportion of diploid bisexuals in initial breeding waves (Fig. 3) . Based on data from HBP, we would expect these ratios to hold over the course of the breeding season. To what extent distributional limits of hybrid biotypes are governed by geological, ecological, historical or physiological factors is unknown. Although cytogenetic tendencies within populations may play a limited role, it has been argued that several of the former variables, and their inherent interactions, form the major components of limitation (Lowcock, 1989) .
First immigration results for AL and AHP could be interpreted as artifactual if diploid bisexuals breed much earlier than unisexuals in northern areas. However, such a regimen would serve only to lower the likelihood of a unisexual being mated, ultimately providing another mechanism by which increases in the unisexual component of a population could be intrinsically controlled, resulting in the same relative (Sessions, 1982; Bogart, 1982 Bogart, , 1989 This first recorded instance of naturally occurring pentaploid vertebrates is important from two standpoints. First, all experimentally induced and lab-raised pentaploid urodeles have been autopolyploids of greatly reduced viability, suffering severe developmental, physiological and behavioral debilities that precluded the attainment of sexual maturity (Fankhauser, 1945; Fankhauser and Humphrey, 1950) . Haliburton Beaver Pond pentaploids were clearly hybrids, visibly swollen with eggs, some of which were ovulated, had no noticeable deformities, and possessed body sizes indicating ages of 3 yr or more. Thus, compared to autopentaploids, these allopentaploid salamanders demonstrate an enhanced tolerance of multiple chromosome sets. Secondly, autopentaploids were commonly generated by fertilization of a tetraploid egg produced by a diploid parent (suppression of both meiotic divisions; Fankhauser, 1945). Our pentaploids could not have been produced via this route; HBP pentaploids are hybrids, and potential progenitors (diploid hybrid genotypes) do not occur here. Pentaploid A. lateralejeffersonianum at HBP are presumably generated by the fertilization of an unreduced tetraploid ovum produced by a hybrid tetraploid female, in analogy to the production of tetraploids by triploids. Test matings between HBP tetraploids and male A. texanum yielded numerous pentaploids, confirming the scenario of origin for pentaploid biotypes at HBP (J. P.
Bogart, pers. comm.).
It may be assumed, as with triploids and tetraploids, that there is a greatly reduced viability of pentaploid embryos and larvae, and that those surviving to adulthood are a highly selected fraction of those produced. Thus, the rarity of pentaploids at HBP is in accordance with the proportion of available tetraploid progenitors. Based on this, the apparent scarcity of tetraploid biotypes in other populations lessens the probability of pentaploids occurring there. Potential production of pentaploids by the union of polyploid sperm with polyploid eggs cannot be ruled out. The most likely source of such sperm, however, is triploid males, which are rare and of unknown viability.
Diploid hybrids (LJ) are perhaps our most perplexing finding with regards to hybridity. These biotypes were recorded only at OP, where they have been reported previously (Lowcock, 1989) . If present at other sites, the frequency must be extremely low. The large sample from HBP indicates diploid hybrids do not occur there at all. Diploid hybrid A. laterale-jeffersonianum are known from active zones of hybridization in Ontario and New England (Bogart, 1989; Lowcock, 1989) , where the opportunity for de novo synthesis exists because of the presence of both parental bisexuals. The origin and status of diploid hybrids outside hybrid zones is currently unknown. It is typically assumed that diploid hybrid female Ambystoma produce unreduced diploid eggs, giving rise to triploids through backcrosses to males of either parental species. Under this assumption, diploid hybrids are not self-perpetuating unless their unreduced eggs are activated gynogenetically, a possibility that is unresolved. If LJ hybrids at OP produce some meiotically reduced eggs, in addition to unreduced hybrid ova, then they could give rise to three types of progeny through syngamy with L sperm: LL, LJ and LLJ. It is also possible to generate a diploid hybrid from a triploid, either by syngamy of L sperm with a rare haploid J egg, or the gynogenetic activation of a diploid hybrid meiotic product. Reduction mechanisms for producing diploids from triploids have been speculated elsewhere (Sessions, 1982; Bogart, 1989; Lowcock, 1989) but remain unsubstantiated. If J eggs are occasionally produced by triploids, and assuming equal frequency and viability of the reciprocal meiotic product (i.e., LL), we would also expect to find some incidence of triploid A. laterale (LLL) in the population. These biotypes did not occur at OP, but may have been present at HBP, along with autotetraploids (LLLL); three females classified originally as diploid A. laterale on morphological grounds were shown to be polyploid by FCM (Table 6 ). This is not unusual, as triploid A. texanum and A. laterale have been encountered in A. laterale-texanum complex populations on Pelee Island (Bogart and Licht, 1986; Licht, 1989; Sever et al., 1989). Despite this potential connection, mutual exclusion of LJ and LLL biotypes at OP and HBP suggests that these forms may also be generated autonomously. Erroneous a priori classification of the individuals at HBP is possible, but seems unlikely given prediction accuracies (Table 6) .
Triploid males have been reported on several occasions, and appear to be a cosmopolitan, but rare, feature of hybrid complexes of Ambystoma (Clanton, 1934; Servage, 1979; Morris and Brandon, 1984) . Clanton (1934) reported three out of 1300 individuals examined (0.23%), and the single individual in our study represented 0.14% of the population and 0.16% of hybrids at HBP (Table 5) . Morris and Brandon (1984) reported an individual that was sterile, but it may have been a trihybrid (A. laterale-jeffersonianum-texanum) and/or a tetraploid. It is unlikely that complete sterility is universal in these forms (Fankhauser, 1945) . Sperm smears from testes of A. laterale-jeffersonianum complex triploid males showed active, though occasionally deformed sperm (pers. obs. with J. P. Bogart). Potential partial viability notwithstanding, the rarity of triploid males precludes any meaningful contribution to the population, although test matings should be conducted to evaluate reproductive capacities.
Sex ratio.-Overall sex ratios show males to be a predictably limited resource (Tables 4-5, 8).
Males in first day immigrations comprised an average of 12.8% of migrants, and were most plentiful in populations with high ratios of diploids (AL, AHP). At HBP, where males were most scarce, the figure fell from an initial 6.3% to 5.3% over the entire breeding period (Table  5 ). This is expected given the breeding dynamic of Ambystoma (see below). Corresponding total (A. laterale plus polyploid) female: male sex ratios were congruent with previous reports obtained under controlled (i.e., fenced) conditions (Table 8) . Estimates prior to Uzzell (1964) are difficult to reconcile with these observations, and are suspect in that they represent variable samples combined over periods of up to 5 yr, some of which: 1) contain numerous newly transformed individuals (in which sex determination is tenuous); 2) were generated from unfenced or inadequately fenced ponds; or 3) were not inventoried daily from the first day of immigration.
In general, our figures, and those reported by Uzzell (1964) all parameters of ecological distribution are equal, the probability of encountering unisexuals in the field can be an order of magnitude higher than that for diploid bisexuals. However, ecological partitioning of biotypes is apparently operative in some hybrid complexes (Bogart et al., 1987) , and this could greatly affect encounter probabilities. The geographically variable male component will influence local evolutionary trajectories within hybrid complexes via reproductive output, especially if fluctuating ecological factors affect male recruitment temporally. In this context of intrinsic determinism, no perspective can be gained unless sex ratios within A. laterale are examined as a subset of the total female: male sex ratio in populations. Our results unexpectedly show that this relationship may also vary geographically (Table 4; Fig. 3 ). In three populations (AL, AHP, HBP), ratios differ significantly from the expected 1:1 (P < 0.001; X2 goodness of fit tests). In each case, this is due to a much higher proportion of female A. laterale. This is confounding from several standpoints. First, although they may fluctuate from year to year, sex ratios in other pond-breeding species of Ambystoma typically show an overwhelming bias in favor of males (Shoop, 1960; Semlitsch, 1983; Sexton et al., 1986) . This is also true for populations of A. laterale (Cook, 1967; Gilhen, 1984; Lowcock, 1986 ) and A. jeffersonianum (Uzzell, 1964; Douglas, 1979; Weller, 1980 ) that occur outside of the range of hybrid biotypes. Skewed breeding sex ratios in favor of male Ambystoma have been attributed to: 1) differential mortality between sexes (higher male survival; Husting, 1965; Whitford and Vinegar, 1966); 2) failure of females to breed in consecutive years (Husting, 1965) ; or 3) delayed maturation of females (Wacasey, 1961; Weller, 1980; Philips and Sexton, 1989) . It seems reasonable that the latter point may also be considered in the context of selection for precocious maturation of males.
Skewed diploid sex ratios favoring females within hybrid complex populations could be related to forces other than those outlined. Given their early breeding habits, higher male mortality is possible, but seems unlikely and has not been observed in the field. A higher proportion of diploid females breeding annually is possible, especially if many go unmated because of the large number of unisexuals; unmated diploid females would presumably resorb their eggs, not suffer the energetic costs of egg-laying, and be more likely to breed in consecutive years. In this case, we would expect populations containing low percentages of hybrids to show diploid sex ratios in breeding aggregations closer to equity or even biased towards males in early immigrations. We did not observe this, although it was reported by Clanton (1934) and fits with ratios reported by Cook and Gorham (1979) , Gilhen (1984) and Lowcock (1986) for east-coast populations with few unisexuals. Lower proportions of males breeding in every year seems unlikely given the energy budget difference between sexes, i.e., there would certainly be no advantage to this. Indeed, despite the complex and irregular breeding schedule of individuals, Weller (1980) found that a greater proportion of male A. jeffersonianum bred annually over a 5 yr period in a hybrid complex population involving that species. Accelerated maturation of females and/or delayed maturation of males is the final possibility based on previous conjectures. There are no data available to support such a conclusion, and in fact, body size data of breeding adults at HBP argue for the opposite tenet, i.e., precocoius maturation of males.
Cytogenetic factors contributing to higher proportions of diploid females may be more convincing. The most obvious is a higher overall production of female offspring by female A. laterale. Clanton (1934) states that although both sexes in adult A. laterale were "equally represented" in populations containing hybrids, 60% of progeny of diploid females were female. Uzzell (1964) presents similar data for juvenile A. jeffersonianum (53.6-66.7% female; 9 = 61.6%). If this varies among populations, it could explain our observation of higher numbers of females. A mechanism of meiotic drive involving sex chromosomes need be invoked to consider this possibility, and substantiation would require investigation at the cellular level. One can envision selection favoring enhanced production of diploid females in populations with hybrid biotypes. Because they are the only route to the production of males, these females serve to maintain the "precious" diploid component, which is the lynch-pin of bisexual-unisexual communities. The possibility that some diploid females are produced by unisexual hybrids has been alluded to (Bogart, 1980; Lowcock, 1989; Lowcock and Bogart, 1989 ), but appears to be an event of extremely low frequency. Such a conclusion, however, may be an artifact of those methods used to determine its occurrence; allo-zyme electrophoresis cannot demonstrate the production of diploids from unisexuals unless there has been introgression at marker loci from other species involved in the complex under consideration (Lowcock, 1989) . It is apparent from other data presented here that such a mechanism would be variable in occurrence, frequency and success. The cytogenetic tendencies which have contributed to variable ploidy composition between populations may also be operative in this case. Because sex ratios in first day immigrants vary among populations, and are biased overwhelmingly towards females in only a few, such a mechanism seems likely. It is of interest to note that Bogart et al. (1987) reported a perfect 1:1 sex ratio for non-hybrids in the A. laterale-texanum-tigrinum complex on Kelleys Id., although the number of A. texanum examined was small. Finally, Beneski et al. (1986) counted up to seven times as many male emigrants as immigrants in their study of A. macrodactylum, concluding that they had missed a component of initial migration, despite fencing the pond before ice-off. It is unlikely that this occurred at HBP, where the male component was lowest; our fence was erected while the pond was frozen to the margins, with an average ice depth of 20 cm, snow cover of equal depth in the bush at 100%, and 80% on south-facing slopes. Males would have had to overwinter in the pond in order not to be inventoried.
Breeding dynamics at HBP.-A final consideration, which also bears on proportions of females in first day immigrations, is breeding dynamics. Onset and duration of migrations were directly related to environmental factors. Migratory movement was nocturnal and typically limited to periods preceded by (rain) or during (rain or snow) precipitation (Fig. 2) . Wave 3 began on the evening of 11 April and built through the 12th, despite no precipitation on either day. These movements were triggered by a high humidity gradient near the ground surface at night, the result of localized evaporation/condensation caused by an ice-free pond and strong sunlight during the day. Migrations were often initiated despite partial snow cover in an area, indicating some animals were in a position to respond to environmental cues despite ground frost. It has been speculated (Weller, 1980) that the ground must be thawed before initiation of migration. Observations of syntopic A. maculatum and Notophthalmus viridescens showed they followed this pattern, reaching peak immigration several days later than A. laterale-jeffersonianum complex individuals at northern sites, where ground frost and snow cover were extensive.
Individuals of the A. laterale-jeffersonianum complex are extremely cold tolerant. They frequently migrated across large expanses of snow and ice and/or moved in great numbers at nearfreezing air temperatures into 1-3 C water. Individuals frozen in drop buckets with excess moisture could thaw and walk away. Those frozen in dry conditions dessicated rapidly and died, or suffered debilitating nerve damage, becoming partially incapacitated upon thawing. Ambystoma laterale, especially males, were more tolerant than hybrids. That immigration is readily initiated under such conditions, coupled with the subarctic range limits of this species, argues convincingly for an evolutionary history tied to a boreal or sub-boreal climatic regimen, possibly in association with the proglacial environments of an ice age. Pleistocene events have often been evoked for the splitting of A. laterale from its sister species A. jeffersonianum (Uzzell, 1964) ; however, Lowcock (1989) has presented genetic data that argues for a more distant split, perhaps associated with pre-Pleistocene ice ages.
Greater tolerance of harsh conditions by male Ambystoma appears to be a general attribute of the genus. Males typically enter ponds earlier and leave later than females, remaining in the area up to twice as long as their female counterparts (Shoop, 1960; Weller, 1980; Sexton et al., 1986 ). This has been variously attributed to: 1) differential rate and/or distance of travel; 2) differential response to environmental cues; and 3) differential orientation ability. Philips and Sexton (1989) discounted the latter in their study of A. maculatum, but were unable to substantiate whether the first two were operative. Douglas (1979) maintained that the selective advantage of females lagging behind males is reduction of risk of environmental danger, particularly low temperatures, a selective force which would be exacerbated in the case at hand. Based on this, one can construct an idealized schemata for immigration/emigration in pondbreeding Ambystoma, altering it to reflect the observations made in those studies, i.e., that females are represented in early samples but that males, typically more abundant, reach peak proportion in the breeding population earlier than females (Fig. 5) .
Assuming this dynamic to be operative among diploid bisexuals within hybrid complex popu- lations (Uzzell, 1964; Weller, 1980) , we compared the data from HBP to such a regimen (Fig. 5) . No clear linear relationships existed between proportions of sexes and breeding times; however, differential achievement of peak proportions by male and female A. laterale occurred; approx. 25% of females immigrated after the peak proportion of males (April 14). Major waves (2-3) appeared to comprise separate episodic breeding events; within a wave over time, generally showing a: 1) slow increase and rapid decrease of males; 2) rapid increase then rapid decrease in females; and 3) corresponding increase in proportions of polyploids ( Fig. 2; Table 5 ). Hybrids may be slower to respond to environmental cues, though the increase in relative proportions of these forms is most readily explained by the decrease in diploids. Assuming no mate discrimination by males, polyploids will theoretically do well in the competition for sperm due to sheer numbers, despite the fact that they reach peak proportions after all diploids within waves. For selection to favor hybrid biotypes, the majority would have to arrive within the period at which the male proportion of the population peaked. The two initial waves were characterized by higher proportions of hybrids, representing up to 96% of the female component on a given day (Table 5) . Overall, ploidy ratios of hybrids did not vary significantly during the immigration period, showing only a modest increase in the tetraploid component over day 1 (Table 3; Fig.  3 ). During wave 2, however, a significant increase in the proportion of tetraploids occurred. The capture of pentaploid females was coincident with the increase in hybrid biotypes of elevated ploidy. This observation is problematic: are higher polyploids harder to stimulate into migration than triploids, or are they behaving like diploid females, to which they are more similar by virtue of extra genomes from A. laterale? From the onset of wave 2, polyploid ratios remained relatively constant (Fig. 6) .
The issue of whether hybrid biotypes arrive at ponds ahead of diploid females has not been studied.The possibility has been raised (Panek, 1978; Weller, 1980; Lowcock, 1986) , and the available data are suggestive. The time necessary for the proportion of males and females arriving at the pond to approach equity is greater in pure populations (Douglas, 1979) than in mixed diploid/triploid aggregations (Weller, 1980) . Thus, the abrogation in lag time may be caused by an influx of hybrid females. Unfortunately, previous data suffer from a lack of differentiation between ploidy levels (and hybridity) of females, and as such, are inconclusive. Results of this study, however, in which all females were distinguished with respect to hybridity, lends support to this interpretation.
Conclusions. -Understanding of the evolution and ecology of bisexual-unisexual communities of vertebrates is greatly aided by non-destructive large-scale studies of composition and interaction. Such investigations can ultimately inform and be informed by the vast repository of genetic information available from these populations. Our several unexpected findings with regard to ploidy structure, sex ratio and breeding dynamics, suggest that in addition to population differences, these parameters may all vary temporally, and that long-term studies of breeding and transforming cohorts would be productive means of evaluation. What emerges from our study is clear evidence that unisexuals affect population structure and breeding dynamics in syntopic bisexuals. We would expect that this would obtain for other ecological considerations in these associations.
